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TITLE OF THE TKIVR>rrTON 

SEMICONDUCTOR DEVICE, AND METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF T HE INVENTTQ^ 

1. Field of the Invention 

The present invention generally related to a 
semiconductor device and to a method of manufacturing the same, 
and more particularly, to a semiconductor device having a storage 
node capacitor structure suitable for rendering compact a 
storage node which is a constituent element of a memory cell, 
as well as to a method of manufacturing the semiconductor device. 



2. Description of the Background Art: 

A capacitor having a storage node as its constituent 
15 element is used for an existing memory IC, e.g., DRAM. Such a 
capacitor (hereinafter referred to as a ^^storage node 
capacitor") comprises a storage node formed from a base material 
such as polysilicon, a cell plate, and a dielectric film 
interposed between the storage node and the cell plate for 
ensuring electrical insulation therebetween. With the 
foregoing configuration, electric charges can be stored in the 
space between the storage node and the cell plate by application 
of a voltage. 

In rendering the storage node capacitor compact, an 
25 effective measure is to ensure that the surface area of the 
storage node is large in relation to the occupation area of the 
slforage node capacitor. For example, a larger surface area 
of the storage node can be ensured by forming the storage node 
into a cylindrical shape. For this reason, a structure which 
comprises a cylindrical storage node has already been known as 
the structure of the storage node capacitor. 

To obtain a compact storage node capacitor having large 
capacitance through use of the existing structure, the storage 
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node must be formed into a long and narrow cylindrical shape. 
However, the longer and narrower the cylindrical storage node, 
the easier the storage node tilts. For this reason, it is 
difficult to manufacture a compact storage node capacitor having 
large capacitance at a high-yield by using the existing 
structure . 

SUMMARY nw THE TNyBNTIQH 

It is a general object of the present invention to provide 
a novel and useful semiconductor device and a manufacturing 
method thereof. 

A more specific object of the present invention is to 
provide a semiconductor device which has a storage node capacitor 
structure for effectively preventing a storage node from being 
15 tilted. 

The above object of the present invention is achieved by 
a semiconductor device having a storage node capacitor structure . 
The semiconductor device comprises a storage node which has a 
vertical surface extending in the direction perpendicular to the 
surface of a semiconductor substrate; and a dielectric film for 
tilt prevention purposes which is brought into close contact with 
the side surface of the vertical surface and which prevents the 
vertical surface from tilting. 

Other object of the present invention is to provide a 
method of manufacturing a semiconductor device having a storage 
node capacitor structure which effectively prevents a storage 
node from being tilted. 

The above object of the present invention is achieved by 
a method of manufacturing a semiconductor device having a storage 
node and a dielectric film for tilt prevention purposes, wherein 
the storage node has a vertical surface which extends in the 
direction perpendicular to the surface of a semiconductor 
substrate, and wherein the dielectric film is brought into close 
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contact with the side surface of the vertical surface and 
prevents the vertical surface from tilting. The method 
comprises the steps of forming in the surface of the 
semiconductor substrate a cylindrical space for use in forming 
the vertical surface through use of a dielectric film; forming 
in the cylindrical space the storage node having the vertical 
surface; and forming a dielectric film for preventing purpose 
which prevents the vertical surface from tilting by utilization 
of the dielectric film after formation of the vertical surface. 

The above object of the present invention is also achieved 
by a method of manufacturing a semiconductor device including 
a storage node and a dielectric film for tilt prevention purposes , 
wherein the storage node has a vertical surface extends in the 
direction perpendicular to the surface of a semiconductor 
substrate and a horizontal surface extending along the surface 
of the semiconductor substrate, and wherein the dielectric film 
is brought into close contact with the side surface of the 
vertical surface and prevents the vertical surface from tilting. 
The method comprises the steps of forming the horizontal surface 
on the surface of the semiconductor substrate; forming a fourth 
dielectric layer having a given thickness from a fourth 
dielectric material on the horizontal surface; forming the 
vertical surface while being brought into close contact with the 
horizontal surface and the outer circumferential surface of the 
fourth dielectric layer; forming a fifth dielectric layer around 
the vertical surface from a fifth dielectric material differing 
from the fourth dielectric material; and eliminating the fourth 
dielectric layer by means of etching through use of a measure 
suitable for eliminating the fourth dielectric material and for 
conserving the fifth dielectric material. 

Other objects and further features of the present 
invention will be apparent from the following detailed 



3 



10 



15 



20 



25 



30 



description when read in conjunction with the accompanying 
drawings . 

BRIEF DESCRTPTTQfT pp th^; pRAWTKat? 

Fig. 1 is a cross-sectional view showing DRAM which has 
a storage node capacitor structure according to a first 
embodiment of the present invention; 

Fig. 2 is a cross-sectional view which is taken along line 
II-II provided in Fig. 1 and which shows the DRAM having the 
storage node capacitor structure according to the first 
embodiment ; 

Fig. 3 is a fragmentary cross-sectional view for 
explaining the first through third steps of the method of 
manufacturing the DRAM shown in Fig. l; 

Fig. 4 is a fragmentary cross-sectional view for 
explaining the fourth and fifth steps of the method of 
manufacturing the DRAM shown in Fig. l; 

Fig. 5 is a fragmentary cross-sectional view for 
explaining the sixth and seventh steps of the method of " 
manufacturing the DRAM shown in Fig. i; 

Fig. 6 is a fragmentary cross-sectional view for 
explaining the eighth step of the method of manufacturing the 
DRAM shown in Fig. 1; 

Fig. 7 is a fragmentary cross-sectional view for 
explaining the ninth and tenth steps of the method of 
manufacturing the DRAM shown in Fig. 1; 

Fig. 8 is a fragmentary cross-sectional view for 
explaining the eleventh through fourteenth steps of the method 
of manufacturing the DRAM shown in Fig. 1; 

Fig. 9 is a fragmentary cross-sectional view for 
explaining the fifteenth through nineteenth steps of the method 
of manufacturing the DRAM shown in Fig. 1; 
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Fxg. 10 is a fragmentary cross-sectional view of the 
semiconductor substrate shown in Fig. 9 when viewed in the 
direction designated by arrow X; 

Fig. 11 is a fragmentary cross-sectional view for 
explaining the twenty-first through twenty-second steps of a 
method of manufacturing the DRAM shown in Fig. 1; 

Fig. 12 is a fragmentary cross-sectional view for 
explaining the twenty-third step of the method of manufacturing 
the DRAM shown in Fig. 1; 

Fig. 13 is a fragmentary cross-sectional view for 
explaining the twenty-fourth and twenty-fifth steps of the 
method of manufacturing the DRAM shown in Fig. 1; 

Fig. 14 is a fragmentary cross-sectional view for 
explaining the twenty-sixth and twenty-seventh steps of the 
15 method of manufacturing the DRAM shown in Fig. 1; 

Fig. 15 is a fragmentary cross-sectional view for 
explaining the twenty-eighth step of the method of manufacturing 
the DRAM shown in Fig. 1; 

Fig. 16 is a fragmentary cross-sectional view for 
explaining the twenty-ninth and thirtieth steps of the method 
of manufacturing the DRAM shown in Fig. 1; 

Fig. 17 is a cross-sectional view of the DRAM having the 
storage node capacitor structure according to the second 
embodiment ; 

^^5- ^9 is a fragmentary cross-sectional view for 
exf^laining the thirty-third step of the method of manufacturing 
the DRAM shown in Fig. 17; 

Fig. 19 is a fragmentary cross-sectional view for 
explaining the thirty-fourth and thirty-fifth steps of the 
method of manufacturing the DRAM shown in Fig. 17; 

Fig. 20 is a fragmentary cross -sectional view for 
explaining the thirty-sixth through thirty-eighth steps of the 
method of manufacturing the DRAM shown in Fig. 17; 
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Fig. 21 is a fragmentary cross-sectional view for 
explaining the thirty-ninth step of the method of manufacturing 
the DRAM shown in Fig. 17; 

Fig. 22 is a fragmentary cross-sectional view for 
explaining the fortieth and forty-first steps of the method of 
manufacturing the DRAM shown in Fig. 17; 

Fig. 23 is a fragmentary cross-sectional view for 
explaining the forty-second step of the method of manufacturing 
the DRAM shown in Fig. 17; 

Fig - 24 is a fragmentary cross-sectional view showing DRAM 
having a storage node capacitor structure according to a third 
embodiment of the present invention; 

Fig. 25 is a fragmentary cross-sectional view showing DRAM 
having a storage node capacitor structure according to a fourth 
embodiment of the present invention; 

Fig. 26 is a fragmentary cross-sectional view for 
explaining the forty-sixth through forty-eighth steps of the 
method of manufacturing the DRAM shown in Fig. 25; 

Fig. 27 is a fragmentary cross-sectional view for 
explaining the forty-ninth and fiftieth steps of the method of 
manufacturing the DRAM shown in ,Fig. 25; 

Fig. 28 is a fragmentary cross-sectional view for 
explaining the fifty-first and fifty-second steps of the method 
of manufacturing the DRAM shown in Fig. 25; and 

Fig. 29 is a fragmentary cross-sectional view for 
explaining the fifty-third and fifty-fourth steps of the method 
of manufacturing the DRAM shown in Fig. 25. 

DESCRIPTION OF THE PREFER RED EMBQm>| BNT<^ 

In the following/ principles and embodiments of the 
present invention will be described with reference to the 
accompanying drawings. Throughout the drawings, identical 
reference numerals are assigned to elements common to 
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embodiments, and repetitions of their descriptions will be 
omitted here for brevity. 
First: Embodiment 

Fig. 1 shows a fragmentary cross-sectional view of DRAM 
10 having a storage node capacitor structure according to a first 
embodiment of the present invention. 

The DRAM 10 comprises a silicon substrate 12. A first 
TEOS (Tetra Ethyl Ortho Silicate) layer 14 is formed on the 
silicon substrate 12. A plurality of transfer gates 16 which 
extend in parallel with one another are formed in the vicinity 
of the bottom surface of the first TEOS layer 14. A second TEOS 
layer 18 is formed on the first TEOS layer 14. In the vicinity 
of the bottom surface of the second TEOS layer 18, there is 
provided a plurality of bit lines 20 each of which extends in 
15 parallel with one another in the direction orthogonal to the 
transfer gates 16. 

A plurality of storage nodes 22 are formed on the second 
TEOS layer 18. A storage node contact 24 connects with each of 
the storage nodes 22 and also contacts with the silicon substrate 
20 12 passing through the first TEOS layer 14 and the second TEOS 
layer 18. A plurality of oxide layers 26 are provided in the 
silicon substrate 12 so as to prevent short circuits among the 
adjacent storage node contacts 24. 

Each of the storage node 22 comprises a horizontal 
25 surface28 extending along the surface of the second TEOS layer 
18_,and a vertical surface 30 extending at right angles to the 
surface of the second TEOS layer 18. The vertical surface 30 
has a cylindrical shape which surrounds the horizontal surface 
28. A dielectric film 32 for tilt prevention purposes is 
provided between the adjacent storage nodes 22 on the second TEOS 
layer 18 . The storage node capacitor structure according to the 
present embodiment is. characterized by comprising the 
aforementioned dielectric film 32 for tilt prevention purposes . 
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The storage nodes 22 and the dielectric film 32 is covered 
by a nitride film 34 . A cell plate 36 is provided over the nitride 
film 34. An interconnection layer 38 is formed on the cell plate 
36 which incorporates aluminum wiring patterns used for 
connecting the DRAM 10 to external circuits. Together with the 
nitride film 34 and the cell plate 36, each of the storage nodes 
22 acts as capacitors for storing electric charges when a voltage 
is applied thereto. 

Fig. 2 is a cross-sectional view of the DRAM 10 taken along 
line II-II provided in Fig. 10. 

As shown in Fig. 2, a source electrode S and a drain 
electrode D are provided at the both side of the transfer gate 
16. The source electrode S is connected to the storage node 
contact 24, whereas the drain electrode D is connected to the 
bit line 20. 

A channel-^hich is turned on or off according to the 
voltage applied to the transfer gate 16— is formed between the 
source electrode D and the drain electrode D. Data are written 
into the storage node 22 by applying a given voltage- to the bit 
line 20 while the channel is in an ON state. In contrast, the 
data written into the storage node 22 are read by detecting a 
voltage of the bit line 20 while the channel is in an ON state. 

.A method of manufacturing the storage node capacitor 
shown in Figs. 1 and 2 will now be described by reference to Figs. 
3 through 16. 

Figs. 3 through 7 are cross-sectional views for explaining 
forming process of oxide layers 26 on the silicon substrate 12. 
During the forming process of the oxide layers 26, at first, there 
are executed following proceeding operations (see Fig. 3) . 

(In the first step) : processing for providing a 
sacrificial oxide film (SiO^) 42 on the surface of a silicon 
substrate wafer 40; 
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(In the second step) : processing for depositing a nitride 
film (SiN) 44 on the sacrificial oxide film 42; and 

(In the third step): processing for providing openings 
46 in the nitride film 44 by means of photolithography and 
nitride-film etching. 

Next, there are performed following proceeding operations 
(see Fig . 4 ) . 

(In the fourth step) : processing for eliminating the 
sacrificial oxide film 42 by means of oxide-film etching; and 

(In the fifth step) : processing for expanding the openings 
46 to a given shape by trench-etching the silicon wafer 40. 

Third, there are performed following proceeding 
operations (see Fig. 5) . 

(In the sixth step) : processing for providing oxide films 
48 on the surface of the openings 4 6 formed in the silicon wafer 
40; and 

(In the seventh step) : processing for depositing TEOS 50 
in the openings 46 and on the nitride film 44. 

Subsequent to completion of the foregoing process, there 
is performed following procedure operation (see Fig. 6) . 

(In the eighth step) : processing for smoothing the silicon 
substrate 12 by etching back the TEOS 50 or by CMP 
(Chemical-and-Mechanical Polishing) . 

After smoothing of the silicon substrate 12, there are 
performed following proceeding operations (see Fig. 7) . 

(In the ninth step) : processing for eliminating the 
niifride film 44 by nitride-film etching, and 

(In the tenth step) : processing for eliminating the. 
sacrificial oxide film 42 by means of oxide-film etching. In 
the first through tenth steps, oxide layers 26 can be provided 
on the silicon substrate 12. 

After the formation of the oxide layers 26, there is 
performed processing for forming the plurality of transfer gates 



16 on the silicon substrate 12 so that they extend in parallel 
with one another. Fig. 8 is a cross-sectional view for 
explaining the forming process of the transfer gates 16. During 
the forming process of the transfer gates 16, there are performed 
5 following proceeding operations (see Fig. 8) . 

(In the eleventh step) : processing for forming gate oxide 
films 52 on the surface of the silicon substrate 12; 

(In the twelfth step): processing for depositing doped 
polysilicon 54 on the surface of the gate oxide films 52; 
10 (In the thirteenth step) : processing for depositing 

tungsten silicide 56 over the doped polysilicon layers 54; and 

(In the fourteenth step) : processing for forming the 
tungsten silicide layers 56 and the doped polysilicon layers 54 
into given shapes by means of photolithography and etching. 
15 After completion of the formation of the transfer gates 

16, there is performed processing for forming the bit lines 20 
orthogonal to the transfer gates 16. 

Figs. 9 and 10 are cross-sectional views for explaining 
forming process of the bit lines 20 . Fig. 10 is a cross-sectional 
20 view of the silicon substrate 12 as viewed in the direction 
designated by arrow X provided in Fig. 9. During the forming 
process of the bit lines 20, there are initially performed the 
following processing operations (see Figs. 9 and 10). 

(In the fifteenth step) : processing for depositing TEOS 
25 on the transfer gates 16 so that the first TEOS layer 14 is 
provided; and 

(In the sixteenth step) : processing for forming contact 
holes 58 in the first TEOS layer 14 by means of photolithography 
and oxide-film etching. 
30 Subsequent to the formation of the contact holes 58 in 

the first TEOS layer 14, there are performed the following 
processing operations. 
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(In the seventeenth step) : processing for depositing 
doped polysiiicon 60 in the contact holes 58 and on the surface 
of the first TEOS layer 14; 

(In the eighteenth step) : processing for depositing 
5 tungsten silicide 62 on the doped polysiiicon layers 60; and 
(In the nineteenth step) : processing for forming the 
tungsten silicide layers 62 and the doped polysiiicon layers 60 
into a given shape by means of photolithography and etching. 

After completion of the formation of the bit lines 20, 
10 there is performed processing for forming the storage node 
contacts 24. 

Figs. 11 and 12 are cross-sectional views for explaining 
forming process of the storage node contacts 24. During the 
process, at first, there are performed the following processing 
15 operations (see Fig. 11) . 

(In the twentieth step) : processing for depositing TEOS 
on the bit lines 20 so that the second TEOS layer 18 is provided; 

(In the twenty-first step) : processing for providing the 
contact holes 64 in the first TEOS layer 14 and the second TEOS 
20 layer 18; and 

(In the twenty-second step) : processing for depositing 
the doped polysiiicon into the contact holes 64 and on the surface 
of the second TEOS layer 18. 

As shown in Fig. 12, during the forming process of the 
25 storage node contacts 24, there is performed the following 
processing operation. 

(In the twenty-third step): processing for eliminating 
doped polysiiicon which is deposited on the surface of the second 
TEOS layer 18 by etching back. Through the foregoing processing, 
30 the storage node contacts 24 are formed in the contact holes 64. 

After formation of the storage node contacts 24, there 
is performed processing for forming the storage nodes 22. 
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Figs. 13 and 14 are cross-sectional views for explaining 
the forming step of the storage nodes 22. As shown in Fig. 13, 
during the forming process of the storage nodes 22, there are 
initially performed the following processing operations. 

(In the twenty- fourth step) : processing for depositing 
an oxide film 66 (designated by combination of a broken line and 
a solid line provided in Fig. 13) over the second TEOS layer 18; 
and 

(In the twenty-fifth step) : processing for forming a 
cylindrical space 68 by eliminating a portion of the oxide film 
66 (designated by a broken line in Fig. 13) through 
photolithography and oxide-film etching, in the twenty-fifth 
step, the cylindrical space 68 is provided at a position where 
the storage node 22 is to be formed. 

As shown in Fig. 14, during the forming process of the 
storage nodes 22, there are performed the following processing 
operations following the foregoing operations. 

(In the twenty-sixth step): processing for depositing 
doped polysilicon 70 (designated by combination of broken and 
solid lines provided in Fig. 14) into the cylindrical spaces 68 
and on the remaining oxide film 66; and 

(In the twenty-seventh step) : processing for eliminating 
the doped polysilicon 70 (designated by a broken line provided 
in Fig. 14) deposited on the oxide film 66 by CMP. 
2^ Through the foregoing processing, the storage nodes 22 

—each of which comprises the horizontal surface being in 
conduction with the storage node contact 24 and the cylindrical 
vertical surface 30 surrounding the horizontal surface 28— are 
provided in the cylindrical spaces 68 . During the manufacturing 
process of the DRAM 10, subsequent to the formation of the storage 
nodes 22, there is performed processing for forming the 
dielectric film 32 which is the principal element according to 
the first embodiment. 
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Fig. 15 is a cross-sectional view for explaining a forming 
process of the dielectric film 32 for tilt prevention purposes. 
AS shown in Fig. 15, during the forming process of the dielectric 
film 32, there is performed the following processing operation. 

(In the twenty-eighth step) : processing for causing the 
tip end of the storage node 22 to be out from the surface of the 
oxide film 66 (dielectric film 32) by reducing the thickness of 
the oxide film 66 between the adjacent storage nodes 22 to a given 
thickness by means of oxide-film etching . Through the foregoing 
processing, the dielectric film 32 which has a given thickness 
and is in close contact with the vertical surface 30 can be 
provided around the vertical surface 30 of each of the individual 
storage nodes 22. 

In the first embodiment, the thickness of the dielectric 
film 32 is determined so that the tilting of the storage node 
22 is effectively prevented and that the storage node 22 has a 
grate surface area. More specifically, in the first embodiment, 
the thickness of the dielectric film 32 is set to a given value 
which is greater than the thickness of the horizontal surface 
28 of the storage node 22 and is smaller than the height of the 
vertical surface 30. 

The foregoing manufacturing method can effectively 
prevent the storage nodes 22 from tilting prior to formation of 
the dielectric film 32 for tilt prevention purposes. Further, 
since the dielectric film 32 supports the storage nodes 22 after 
th^ formation thereof, subsequent steps are performed while the 
subrage nodes 22 are prevented from tilting. For this reason, 
the storage node capacitor structure according to the first 
embodiment enables high-yield manufacture of the elongated 
storage nodes 22. 

As mentioned previously, with regard to the storage node 
capacitor structure according to the first embodiment, the 
dielectric film 32 comprises an oxide film. The oxide film is 
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suitable as an interlayer film of a semiconductor device. For 
this reason, the storage node capacitor structure according to 
the first embodiment enables to prevent the storage nodes 22 from 
tilting without any inconvenience. 

After completion of the manufacturing of the dielectric 
film 32, there is executed a forming process of the nitride film 
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Fig. 16 is a cross-sectional view for explaining a forming 
process of the nitride film 34 and a forming process of the cell 
plate 36 which is implemented after the formation process of the 
nitride film 34. During the forming process of the nitride film 
34,. there is performed the following processing operation. 

(In the twenty-ninth step) : processing for depositing the 
nitride film 34 on the storage node 22 and on the dielectric film 
15 32. 

Next, during the forming process of the cell plate 36, 
there are performed the following processing operations. 

(In the thirtieth step) : processing for depositing doped 
polysilicon on the nitride film 34; and 
20 (in the thirty-first step): processing for forming the 

doped polysilicon into a desired shape by means of 
photolithography and etching. 

As a result of the foregoing processing, the storage nodes 
22, the nitride film 34, and the cell plate 36-all of which 
25 constitute capacitors-are formed. Subsequently, the 

interconnection layer 38 is provided on the cell plate 36 (in 
the thirty-second step) by known means, thereby completed the 
manufacturing process of the DRAM 10 according to the first 
embodiment . 

Although in the foregoing embodiment the dielectric film 
32 for tilt prevention purpose comprises an oxide film, the 
present invention is not limited to such an embodiment. The 
dielectric film 32 may comprises a nitride film. So long as the 
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dielectric film 32 is formed from a nitride film, a superior tilt 
prevention function can be achieved, since the nitride film is 
harder than the oxide film. 

In the first embodiment, the storage nodes 22 are formed 
so as to have a cylindrical shape and to be out from the surface 
of the dielectric film 32 at the tip end thereof in order to obtain 
a large capacitance at each of the storage nodes 22 . The present 
invention is not limited to the foregoing embodiment. More 
specifically, in a case where there can be ensured the 
capacitance to be imparted to the storage node 22, the storage 
node 22 may be formed in to a columnar shape or other shapes. 
Further, in such a case, the dielectric film 32 for tilt 
prevention purposes may be brought into close contact with the 
entire outside surface of the storage nodes 22 by omitting the 
processing operation of the step 28. 

In the first embodiment, the dielectric film 32 is formed 
to a thickness greater than that of the horizontal surface 28. 
However, the present invention is not limited to the foregoing 
embodiment. The thickness of the dielectric film 32 for tilt 
prevention purposes can be reduced to a greater extent within 
the range in which a desired tilt prevention function can be 
achieved^ . 

Second Embodiment 

A second embodiment of the present invention will now be 
described by reference to Figs. 17 through 23. Fig. 17 is a 
cross-sectional view showing a DRAM 72 having a storage node 
capacitor structure according to the second embodiment. 

The DRAM 72 comprises the plurality of bit lines 20 
provided on the first TEOS layer 14. An upper and side walls 
74 and 76 each of which comprises an oxide film are provided on 
the top and both sides of the bit line 20, respectively. A 
storage node 78 is formed between the bit lines 20 on the first 
TEOS layer 14. The bit lines 20 and the storage nodes 78 are 
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insulated from one another by the upper and side walls 74 and 
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The storage node 78 comprises a horizontal surface 80 
extending along the surface of the first TEOS layer 14 and 
vertical surfaces 82 extending in the direction perpendicular 
to the first TEOS layer 14. The horizontal surface 80 is in 
contact with the storage node contact 24 penetrating through the 
first TEOS layer 14. 

The foregoing structure is implemented by forming various 
layers on the first TEOS layer 14, by forming cylindrical spaces 
which penetrate through the layers and permit exposure of the 
surfaces of the storage node contacts 24, and by forming storage 
nodes 78 in the cylindrical spaces. In the second embodiment, 
as mentioned below, the cylindrical spaces are formed by a known 
15 self -alignment contact (SAC) method. 

Among the storage nodes 78, there is formed a dielectric 
film 88 for tilt prevention purposes comprising a nitride film 
84 and an oxide film 86. The dielectric film 88 has a thickness 
necessary for effectively preventing the storage nodes 78 from 
tilting and for imparting desired capacitance to the storage 
nodes 78, as in the case of the first embodiment. The storage 
nodes 78 and the dielectric film 88 for tilt prevention purposes 
are coated with a nitride film 90. A cell plate 92 and an 
interconnection layer 94 are formed on the nitride film 90. 

A forming method of the storage node capacitor structure 
provided in Fig. 17 will now be described by reference to Figs 
18 through 23. 

With regard to the storage node capacitor structure 
according to the second embodiment, the silicon substrate 12, 
the first TEOS layer 14, the transfer gates 16, the bit lines 
20, and the storage node contacts 24 are formed through the 
processing performed in the first through nineteenth steps (see 
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Figs. 3 through 10) and through the processing performed in the 
twenty-first through twenty-third steps (see Figs. 11 and 12) . 

Fig. 18 is a cross-sectional view for explaining an upper 
wall forming process to be performed subsequent to the process 
of forming the bit lines 20 and the storage node contacts 24. 
In the upper wall formation process, the upper wall 74 is formed 
by deposition of an oxide film on the bit line 20 (the thirty-third 
step) . 

After the formation of the upper wall, there is performed 
a side wall forming process. 

Figs . 19 is a cross-sectional view for explaining the side 
wall forming process. During the side wall forming process, 
there are performed the following processing operations. 

(In the thirty-fourth step) : processing for depositing 
15 an oxide film in a manner as indicated by. a broken line provided 
in Fig. 19, in order to cover the bit lines 20 and the upper walls 
74; and 

(In the thirty-fifth step): processing for forming the 
side walls 76 by etching back the oxide film. 
20 After the formation of the side walls 76, there is 

performed a cylindrical space forming process. 

Figs. 20 and 21 are cross-sectional views for explaining 
the cylindrical space forming process. As shown in Fig. 20, 
during the cylindrical space forming process, there are 
25 initially performed the following processing operations. 

(In the thirty-sixth step): processing for depositing 
tlie nitride film 84 so as to cover the bit lines 20 and the storage 
node contacts 24; 

(In the thirty-seventh step) : processing for depositing 
the oxide film 86 (indicated by combination of broken lines and 
solid lines provided in Fig. 20) on the nitride film 84; and 
(In the thirty-eighth step) : processing for eliminating 
the area of the oxide film 86 indicated by the broken lines 
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provided in Fig. 20 by means of photolithography and oxide-film 
etching. More specifically, there is performed processing for 
cylindrically eliminating the oxide film 86 from the area above 
the storage node contact 24. 

In the thirty-eighth step, the oxide-film etching is 
performed in a condition which is suitable for removing the oxide 
film 86. In other words, the oxide-film etching is performed 
in a condition which is suitable for conserving the nitride film 
84. Accordingly, through the processing performed in the 
thirty-eighth step, it is possible to remove only the oxide film 
86 while the upper wall 74 and the side walls 76 covered with 
the nitride film 84 are protected. 

As shown in Fig. 21, during the cylindrical space forming 
process, there is further performed the following processing 
operations . 

(In the thirty-ninth step) : processing for eliminating 
the area of the nitride film 84 indicated by a broken line provided 
in Fig. 21 by means of photolithography and nitride-film etching; 
namely, processing for cylindrically eliminating the nitride 
film 84 from the area above the storage node contact 24. In the 
thirty-ninth step, the subject area of the nitride-film etching 
operation is set so as to become larger than the storage node 
contact 24. 

in the thirty-ninth step, the nitride-film etching is 
performed in a condition which is suitable for removing the 
nitride film 84 and for conserving the oxide film 86. 
Accordingly, the processing performed in the thirty-ninth step 
enables removal of only the nitride film 84 without regard to 
the upper wall 74 and the side walls 76 being included in the 
area to be etched. 

So long as the area to be etched is set so as to become 
larger than the storage node contact 24 in the manner as mentioned 
previously, the nitride film 84 can be certainly removed from 
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the upper surface of the storage node contacts 24 even when a 
photo mask used in photolithography process shifts from the right 
position. As mentioned above, the foregoing method enables the 
^rea — from which the nitride film 84 is removed — to be brought 
5 into agreement with the regions of the storage node contact 24 
in a self-aligned manner . For this reason, the foregoing method 
according to the second embodiment enables formation of 
cylindrical spaces 96 — which permit complete exposure of the 
surfaces of the storage node contacts 24 — while there is ensured 
10 dielectric layers around the bit lines 20. 

Subsequent to the formation of the cylindrical spaces 96, 
there is performed a storage node forming process. 

Fig. 22 is a cross-sectional view for explaining the 
storage node forming process. During the storage node forming 
15 process, there are performed the following processing 
operations . 

(In the fortieth step) : processing for depositing doped 
polysilicon 98 (indicated by a broken line and a solid line 
provided in Fig. 22) into the cylindrical spaces 98 and on the 
20 remaining oxide film 8 6; and 

(In the forty-first step) : processing for eliminating the 
doped polysilicon 98 (indicated by the broken line provided in 
Fig. 22) deposited on the oxide film 8 6 by means of CMP. 

Through the foregoing processing, within the cylindrical 
25 spaces 90 there are formed storage nodes 78 each comprising the 
horizontal surface 80 in connection with the storage node contact 
2r'and the cylindrical vertical surface 82 surrounding the 
horizontal surface 80. Subsequent to the the storage nodes 
forming process, during the manufacturing process of the DRAM 
30 72, there is performed processing for forming a dielectric film 
88 for tilt prevention purposes. 

Fig. 23 is a cross-sectional view for explaining a process 
for forming the dielectric film 88 for tilt prevention purposes. 
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As shown in Fig. 23, during the dielectric film forming process, 
there is performed the following processing operation. 

(In the forty-second step) : processing for causing the 
tip end of the storage node 78 to be out from the surface of the 
5 oxide film 8 6 by reducing the thickness of the oxide film 86 
interposed among the adjacent storage nodes 78 to a given 
thickness by means of oxide-film etching. By means of the 
foregoing processing, the dielectric film 88 for tilt prevention 
purposes— which has a given thickness and is in close contact with the 
10 vertical surface 82 of the storage node 78— can be formed around the 
vertical surface 82. 

After the formation of the dielectric film 88, the 
following processing is performed as in the case of the first 
embodiment. Namely, a nitride film 90 is formed on the storage 
15 nodes 78 and the dielectric film 88 (the forty-third step); a 
cell plate 92 is formed on the nitride film 90 (the forty-fourth 
step) ; and an interconnection layer 94 is provided on the cell 
plate 92 (the forty-fifth step) . The DRAM 72 according to the 
second embodiment is manufactured through the forgoing process . 

"^^^ foregoing manufacturing method enables formation of 
the dielectric film 88 comprising a mixed film of the oxide film 
86 and the nitride film 84 among the adjacent storage nodes 78. 
Therefore, the storage node capacitor structure according to the 
second embodiment enables high-yield manufacture of the 
25 elongated storage nodes 78 by means of the SAC method. 

As mentioned previously, the oxide film constituting 
apart of the dielectric film 88 in the storage node capacitor 
structure according to the second embodiment is suitable as an 
interlayer film of a semiconductor device . Further, the nitride 
film constituting the remaining part of the dielectric film 88 
is suitable for obtaining a superior tilt prevention function 
because it is harder than an oxide film. For these reasons, the 
storage node capacitor structure according to the second 
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embodiment enables to impart a semiconductor device both merits 
of the oxide and nitride films. 

In the second embodiment, the upper and the side walls 
74 and 76 comprise an oxide film. Further, the nitride film 84 
and the oxide film 88 are deposited in that order on these walls. 
The present invention is not limited to such a structure. The 
oxide film and the nitride film may be used in the opposite part 
each other. 
Third Embodiment 

A third embodiment of the present invention will now be 
described by reference to Fig. 24. 

Fig. 24 is a cross-sectional view showing a DRAM 100 having 
a storage node capacitor structure according to the third 
embodiment. The storage node capacitor structure according to 
15 the third embodiment is characterized by comprising a dielectric 
film for tilt preventing purpose which is formed solely from a 
nitride film, in place of the dielectric film in the second 
embodiment which comprises a mixed film of the nitride film 84 
and the oxide film 88. 
20 During the manufacturing process of the storage node 

capacitor structure according to the third embodiment, the 
nitride film 84 (see Fig. 20) is deposited so as to have a given 
thickness required to the dielectric film 102 for tilt preventing 
purpose in the foregoing thirty-seventh step, further, the oxide 
25 film 86 (see Fig. 23) deposited on the nitride film 84 is 
cqmpletely eliminated in the foregoing forty-second step. 

In the foregoing structure, the thickness of the 
dielectric film 102 for tilt prevention purposes is determined 
solely by the thickness of the nitride film 84 . For this reason, 
in the structure according to the third embodiment, control of 
the thickness of the dielectric film 102 is easy. Further, since 
the dielectric film 102 is formed solely from a nitride film. 
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i.e., from a hard film, the structure according to the third 
embodiment provides a superior tilt prevention function. 
Four^ Embodiment 

A fourth embodiment of the present invention will now be 
5 described by reference to Figs. 25 through 29. 

Fig. 25 is a cross-sectional view showing a DRAM 104 having 
a storage node capacitor structure according to the fourth 
embodiment . 

As shown in Fig. 25, the DE^AM 104 comprises storage nodes 
10 106. Each of the storage nodes 106 comprises a horizontal 

surface 108 and a vertical surface 110. A cell plate 112 and 
an interconnection layer 114 are formed on the storage nodes 106. 

The DRAM 104 shown in Fig. 25 is substantially the same 
in structure as the DRAM 10 provided in Fig. 1. As mentioned 
15 above, during the step of manufacturing the DRAM 10 shown in Fig. 
1, there is performed processing for forming cylindrical spaces 
through use of an oxide film prior to formation of the storage 
nodes 22. In contrast, the fourth embodiment is characterized 
in that the storage nodes 106 is formed without use of cylindrical 
20 spaces and in that an oxide film surrounding each of the storage 
nodes 106 is formed subsequent to the formation of the storage 
nodes 106. 

A method of manufacturing the storage node capacitor 
structure as shovm in Fig. 25 will be described by reference to 
25 Figs. 26 through 29. 

With regard to the storage node capacitor structure 
according to the fourth embodiment, the silicon substrate 12, 
the first TEOS layer 14, the transfer gates 16, the bit lines 
20, and the contact holes 64 are formed through the processing 
30 performed in the foregoing first through twentieth steps (see 
Figs. 3 through 11). 

Fig. 26 is a cross-sectional view for explaining a process 
for forming a storage node base to be performed subsequent to 
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the formation of the contact holes 64. During the process for 
forming the storage node table, there are performed the following 
processing operations. 

(In the forty-sixth step) : processing for depositing 
polysilicon 115 for use as a pad into the contact holes 64 and 
on the second TEOS layer 18; 

(In the forty-seventh step): processing for forming the 
storage node base 120 by depositing a nitride film 118 on the 
polysilicon 116; and 

(In the forty-eighth step) : processing for shaping the 
storage node bases 120 into a desired shape by means of etching. 

After the formation of the storage node base 120, there 
is performed a storage node forming process. 

Fig. 27 is a cross-sectional view for explaining the 
15 storage node forming process. During the storage node forming 
process, there are performed the following processing 
operations . 

(In the forty-ninth step) : processing for depositing 
doped polysilicon 122 (indicated by a broken line provided in 
20 Fig. 27) so as to cover the storage node bases 120; and 
(In the fiftieth step) : processing for forming the 
vertical surface 110 of each of the storage nodes 106 (indicated 
by a solid line provided in Fig. 27) by means of etching back 
the doped polysilicon 122 until the nitride film 118 becomes' 
25 exposed. 

After completion of the foregoing processing, an oxide 
fi-Im forming process is performed. 

Fig. 28 is a cross-sectional view for explaining the oxide 
film forming process. During the oxide film forming process, 
there are performed the following processing operations. 

(In the fifty-first step) : processing for depositing an 
oxide film 124 (indicated by solid and broken lines provided in 
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Fig. 28) on the storage nodes 106 and the second TEOS layer 18; 
and 

(In the fifty-second step) : processing for polishing the 
oxide film 124 by means of CMP until the nitride film 106 becomes 
exposed. 

By means of the foregoing processing, the space among the 
adjacent storage nodes 106 can be filled with the oxide film 124. 
After completion of the foregoing processing, there is performed 
a process for eliminating undesired areas. 

Fig. 29 is a cross-sectional view for explaining the 
process for eliminating undesired areas. During the process, 
there are performed the following processing operations. 

(In the fifty-third step) : processing for eliminating the 
nitride film 118 remaining in the storage nodes 106 by etching; 
15 and 

(In the fifty- fourth step) : processing for forming a 
dielectric film 126 for tilt prevention purpose by etching the 
oxide film 124 to a given thickness. 

After the formation of the dielectric film 128, the 
following processing is performed as in the case of the first 
embodiment. Namely, a nitride film 34 is formed on the storage 
nodes 106 and the dielectric film 126 (the fifty-five step) ; a 
cell plate 112 is formed on the nitride film 34 (the fifty-sixth 
step) ; and an interconnection layer 94 is provided on the cell 
25 plate 112 (the fifty-seventh step) . The DRAM 104 according to 
the fourth embodiment is manufactured through the forgoing 
process . 

As mentioned previously, the dielectric film which 
prevents the storage node 106 from tilting is appropriately 
provided by the manufacturing method according to the fourth 
embodiment as well as by the method using the cylindrical spaces . 
Accordingly, even in the case of the storage node capacitor 
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structure according to the fourth embodiment, the elongated 
storage nodes 106 can be manufactured at high yield. 

Since a semiconductor device according to the present 
invention has the structure as mentioned previously, the device 
yields the following advantageous results: 

According to a first aspect of the present invention, 
since the dielectric film for tilt prevention purposes is formed 
so as to be in close contact with the side surface of the storage 
node, the storage node can be effectively prevented from tilting. 

According to a second aspect of the present invention, 
since the dielectric film for tilt prevention purposes is 
interposed among the plurality of storage nodes, there can be 
achieved a function of effectively preventing a plurality of 
storage nodes from tilting. 

According to a third aspect of the present invention, the 
end face of the dielectric film is positioned closer to the tip 
end of the storage node than to the horizontal surface of the 
same. With a view to preventing the storage nodes from tilting, 
it is more advantageous to position the end face of the dielectric 
film closer to the tip end of the vertical surface. For this 
reason, according to the structure of the present invention, the 
vertical surface can be effectively prevented from tilting by 
presence of the dielectric film for tilt prevention purposes. 
According to a fourth aspect of the present invention, 
25 since the dielectric film for tilt prevention purposes is formed 
so as to surround the cylindrically-formed vertical surface, 
lafge capacitance can be imparted to the storage node capacitor, 
and the storage node capacitors can be effectively prevented from 
tilting. 

According to a fifth aspect of the present invention, 
since the dielectric film is formed from an oxide film which is 
generally used as an interlayer film of a semiconductor device. 
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there can be prevented inconvenience, which would otherwise be 
caused by the formation of the dielectric film. 

According to a sixth aspect of the present invention, 
since the dielectric film is formed from a nitride film harder 
than the oxide film, there can be achieved a function of 
preventing a storage node capacitor from tilting by virtue of 
presence of the dielectric film. 

According to a seventh aspect of the present invention, 
since the dielectric film is formed from a mixed film comprising 
an oxide film and a nitride film, there can be achieved a tilt 
prevention function while inconvenience associated with 
formation of the dielectric film is avoided. 

•According to an eighth aspect of the present invention, 
after a vertical surface for the storage node has been formed 
in a cylindrical space, the dielectric film for tilt prevention 
purposes is formed by etching the dielectric film constituting 
the cylindrical space . The foregoing method enables formation, 
through simple steps, of a storage node having a wide surface 
area and a dielectric film for preventing the storage node from 
20 tilting. 

According to a ninth aspect of the present invention, a 
dielectric film for tilt prevention purposes can be formed 
through simple steps so as to have an end face positioned closer 
to the tip end of the storage node than to the surface of the 
25 same. Therefore, the present invention enables implementation, 
through simple steps, of a storage node capacity structure having 
a superior tilt prevention function. 

According to a tenth aspect of the present invention, 
since the dielectric film is formed from an oxide film, there 
can be achieved a storage node capacitor structure which exhibits 
a tilt prevention function without involving inconvenience.. 

According to an eleventh aspect of the present invention, 
since the dielectric film is formed from a nitride film, there 
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can be achieved a storage node capacitor structure having a 
particularly superior tilt prevention function. 

According to a twelfth aspect of the present invention, 
in addition to realization, through simple steps, of a storage 
node capacitor structure having a dielectric film for tilt 
prevention purposes, there is enabled formation of a cylindrical 
space for a storage node by means of a self-alignment method. 
According to the present invention, even if a position of a mask 
used in a photolithography shifts from the right position, 
storage nodes can be appropriately formed. 

According to a thirteenth aspect of the present invention, 
a dielectric film for tilt prevention purposes can be formed by 
elimination of a third dielectric layer formed on a second 
dielectric layer . According to the method mentioned previously, 
a dielectric film for tilt prevention purposes can be stably 
formed without regard to variations in etching conditions during 
the step of forming the dielectric film. 

According to a fourteenth aspect of the present invention, 
cylindrical spaces can be appropriately formed by means of a 
self -alignment contact method by execution of etching suitable 
for eliminating an oxide film and etching suitable for 
eliminating a nitride film. Further, according to the present 
invention, since the dielectric film for tilt prevention 
purposes can be formed from a mixed f iliMomprising a nitride 
25 film and an oxide f ilm-^r from a film formed solely from a nitride 
fi.lin, there can be obtained a superior tilt prevention function. 

According to a fifteenth aspect of the present invention, 
a storage node having a horizontal surface and a vertical surface 
is formed without forming a cylindrical space on a semiconductor 
substrate, and a dielectric film for tilt prevention purposes 
is formed so as to surround the storage node. Subsequently, a 
fourth dielectric layer provided in the vertical surface is 
eliminated, thus rendering the vertical surface cylindrical. 
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The foregoing technique enables stable formation, through simple 
operations, of a cylindrical vertical surface surrounded by the 
dielectric film for tilt prevention purposes. 

According to a sixteenth aspect of the present invention, 
as a result of etching the dielectric film-which surrounds the 
cylindrical vertical surface-to a given length, a large surface area 
can be imparted to the storage node. Consequently, according 
to the present invention, compact storage capacitors having 
large capacitance can be manufactured at high yield. 

According to a seventeenth aspect of the present invention, 
since the dielectric fil^n can be formed from an oxide film, 
compact storage node capacitors having large capacitance can be 
manufactured without involving inconvenience during formation 
of the dielectric film. 

Further, the present invention is not limited to these 
embodiments, but variations and modifications may be made 
without departing from the scope of the present invention. 
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